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1 And one of the most utilized research tool for the study of chemosensors employs a colorimetric and fluorometric spectroscopic techniques.
2 So far successful reports on metal ion sensors have been documented including our recent result.
3
Many different kinds of optical or fluorescent sensors have several advantages (such as high sensitivity and selectivity, non-destructive analysis, low cost and real-time monitoring), 4 which allow naked-eye detection of color and fluorescent emission change upon metal ion binding without the use of any expensive spectroscopic equipment.
5
Copper, the third most abundant transition metal following zinc and iron in human body, exerts essential functions in many cellular enzymes and proteins such as Cu/Zn superoxide dismutase, dopamine monooxygenase, cytochrome C oxidase and ceruloplasmin.
6 However, it becomes toxic when excessive amounts of copper ion were accumulated. It is believed that the disruption of copper homeostasis is associated with neurodegenerative illnesses such as Parkinson's, Wilson's, Alzheimer's and Menke's diseases.
7-10
Coumarin skeleton is often utilized as fluorescent sensor due to its excellent photophysical properties like great fluorescent intensity, high quantum yield, high photostability, biological stability, nontoxicity and derivatizable backbone.
11
There have been many excellent coumarin-based fluorescent probes reported for not only anions but also cations such as Fe
2+ and Hg 2+ during the last decade.
12-16
Herein, we report a new colorimetric and fluorescent "turn-off" sensor that responds to Cu 2+ through coumarin derivative. The binding properties of sensor A ward various metal ions were investigated by UV-Vis absorption and fluorescence spectroscopy.
Sensor A was synthesized as shown in Scheme 1. Compound 1 and 2 were prepared by the known procedures.
17
Investigations on the photophysical properties revealed that sensor A showed high selectivity to Cu 2+ in 10 mM trisHCl buffer solution (acetonitrile/water = 9:1, pH = 7.01). Sensor A showed an absorption band at 375 nm in 10 mM tris-HCl buffer solution. In the presence of Cu 2+ (20 μM), there appeared a new red-shifted absorption band at 425 nm at the expense of peak at 375 nm ( Figure 1 (a) in red). The absorption bands at 375 and 425 nm linearly decreased and increased, respectively, by the increasing concentration of Cu 2+ (Figure 1(b) ). However, none of the other metal ions (Ag
2+ and Fe 3+ (20 μM, 2.0 equivalent, nitrate salt)) showed such a red-shift in their absorption spectra (Figure 1(a) ).
The red-shift in the absorption spectra upon addition of the Cu 2+ can be rationalized by intramolecular charge transfer (ICT). It is well known that an electron-donating group at 7-position and an electron-withdrawing group at 3-position in coumarin skeleton induce absorption band into visible region as a result of effective ICT through the electron pushpull system. 18 The complexation of a Cu 2+ in sensor A would increase electron-withdrawing character of 3-position, resulting a stronger ICT.
To investigate the binding mode of sensor A to Cu 2+ , Job's method was carried out. A 1:2 stoichiometry was determined by Job's plot. The maximum absorption change was Scheme 1. Synthetic route to sensor A.
Notes
observed when the molar ratio of sensor A to Cu 2+ was 0.33, indicating a 1:2 stoichiometry for the complex (Figure 1(b) . inset (b)).
From Figure 2 (a), sensor A showed strong fluorescence emission at 485 nm in 10 mM tris-HCl buffer solution. Upon the addition of metal ions up to 3 equivalent emission peaks were slightly quenched by other metal ions, but remarkable fluorescence quenching was observed by Cu 2+ in 10 mM tris-HCl buffer solution, peaking at λ em = 485 nm. Upon the addition of Cu 2+ up to 3 equivalent the emission peaks were linearly decreased until complete quenching (Figure 2(b) ).
The photophysical data (Figure 1 and 2) indicate that sensor A has high selectivity and sensitivity to Cu
2+
. Competitive recognition of Cu 2+ in the presence of various other metal ions, even in equal concentration, was also studied and shown in Figure 3 , where detection of Cu 2+ was little affected in the presence of other metal ions reflecting excellent selectivity of sensor A for Cu
Regarding to the possible complexation sites in sensor A by two Cu 2+ ions, we can imagine that oxygen in phenol ring, nitrogen at C-3 and carbonyl oxygen at C-2 would participate for the purpose.
In order to have clear knowledge on the site of complexa- , more study would be required. In conclusion, we have developed a new colorimetric and fluorescent "turn-off" sensor for Cu 2+ based on coumarin Shiff base of hydroxycinnamaldehyde. It displays a 50 nm red-shift of maximum absorption band with color change from colorless to greenish-yellow upon addition of Cu 2+ in 10 mM tris-HCl buffer solution (acetonitrile/water = 9:1, pH = 7.01). And also remarkable fluorescence quenching was observed upon the addition of Cu
. The 1:2 stoichiometry of sensor complex (sensor A + Cu
) was confirmed by Job's plot based on absorption titration.
Experimental
Synthesis of Sensor A. To a solution of compound 2 (0.3 g, 1.3 mmol) in absolute ethanol (15 mL), was added 2-hydroxycinnamaldehyde (0.22 g, 1.4 mmol). After the mixture was stirred for 20 h at room temperature, a reddish precipitate was filtered, washed with ethanol (10 mL) and cold acetone (20 mL). It was dried under vacuum to afford a reddish crystalline solid (0.24 g, 50% 
